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(g) An optical functional device and a method of driving same. 

(57) There is provided an optical functional device having a coupling portion (A) in which two optical 
waveguides (27, 28) formed of semiconductor material are evanescent-coupled to each other and 
arranged in parallel and comprising voltage application electrodes (32a, b) electrically connected to 
each other and disposed on an upstream side portion (30a) of one of the two optical waveguides and a 
downstream side portion (29b) of the other optical waveguide and current injection electrodes (31a, b) 
electrically connected to each other, disposed on a downstream side portion (30b) of the former one of 
the two optical waveguides and electrically isolated from the voltage application electrodes. In further 
forms (Figs. 18-26) N-stage (N is an integer larger than 2) electrodes of reversal A p structure are 
continuously disposed in the optica! waveguide, first electrodes electrically connected to each other are 
disposed on the upstream side portion of one of the two optical waveguides and the downstream side 
portion of the other optica] waveguide between an Mth (M is an integer which satisfies the relation that 1 
«s M =s (N-1) stage electrode and an (M+1)th stage electrode and second electrodes which are 
electrically connected to each other but are electrically separated from the first electrodes are disposed 
on the downstream side portion of the former one of the two optical waveguides and the upstream side 
portion of other optical waveguide. The optical functional device can be operated as an optical splitter 
or polarization switch by combining the current injection operation and the voltage application 
operation with respect to the electrodes. 
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BACKGROUND OF THE INVENTION 

This invention relates to a directional coupler type 
optical functional device formed of semiconductor 
material and a method of driving the same, and more 
-particularly to an optical functional device useful as an 
optical switch and an optical mode splitter and a 
method of driving the same. 

Recently, various waveguide types of optical 
functional devices are proposed. However, most of 
the devices can be operated only for light which is 
polarized in a specified direction. For this reason, in 
the optical fiber communication which is now put into 
a practical stage, the above devices cannot be prac- 
tically used unless light is previously subjected to the 
polarization control. 

Under this circumstance, various studies on a 
polarization separator and a polarization-independent 
optical switch are actively made. Examples of the 
studies are explained with reference to the drawings 
below. 

First, Fig. 1 is a schematic perspective view of a 
device disclosed in the article by Tadasu Sunada et 
ai. in "ELECTRON INFORMATION COMMUNI- 
CATION INSTITUTE PAPER (DENSHI JOHO 
TSUSHIN GAKKAISHI)", C-l (vol J73-C-I. No. 9. 
pp559 to 566, September, 1990). 

The device is constructed by forming a nonsym- 
metrical X-branch optical waveguide 2 by use of Th 
doped Si0 2 on an LiNb0 3 substrate 1 , disposing three 
electrodes 3 in positions shown In the drawing and 
applying voltages between the respective electrodes 
as shown in the drawing, and the device may function 
as a polarization-independent optical switch and a TE 
mode/TM mode splitter. 

Fig. 2 is a schematic plan view of a device propos- 
ed by J. Saulnieretal. in ECOC90-229 (1990) and the 
device is constructed by forming an optical waveguide 
by use of Tkioped Si0 2 on an LiNb0 3 substrate, dis- 
posing electrodes (hatched portions) as shown in the 
drawing and applying voltages to the respective elec- 
trodes as shown in the drawing. 

A device shown in Fig. 3 and Fig. 4 which is a 
cross sectional view taken along the line IV-IV of Fig. 
3 and proposed by M. Okuda et ai. in "Photonic 
Switching" pp38 to 40, 1990 is constructed by embed- 
ding cores 5 formed of Si0 2 into a clad 6 on an Si sub- 
strate 4 to form a directional coupler type optical 
waveguide 7, depositing a thin CrfOm to form a current 
injection electrode 8 in position of one of the 
waveguides shown in the drawing, and forming an a- 
Si thin film 9 in position of the other waveguide shown 
in the drawing. 

As shown in Fig. 5, an optical mode splitter pro- 
posed by M. Kobayashi et al. in Appl. Phys. Lett, vol 
32, pp300 to 302 (1978) is known. 

The above optical mode splitter has an optical 
waveguide which is formed of glass-series material of 



Si02-Ta 2 05, a waveguide layer 11 and an interlaid 
layer 12 which are sequentially disposed as a 2- 
dimensiona! waveguide on a substrate 10, and a thin 
waveguide layer 13 which is formed with a preset incli- 

s nation angle on the interlaid layer 12, and functions to 
receive incident light in a Z direction in the drawing 
and separates the same into the TE mode and TM 
mode. That is, when light is made incident on the 
waveguide layer 1 1 in the 2 direction, the mode seJeo- 

10 tion condition established by the inclination of the thin- 
film waveguide layer 13 is satisfied, a TE mode 
component 14a of the incident light is coupled with the 
thin-film waveguide layer 13, and a TM mode compo- 
nent 14b thereof travels straight without being coup- 

15 led with the thin-film waveguide layer 13. As a result, 
the TE mode 14a and the TM mode 1 4b can be sepa- 
rated. 

Since all of the portions of each of the above-des- 
cribed four types of devices are not formed of semi- 

20 conductor material, it is impossible to apply the above 
devices to an optical integrated circuit device of 
polarized diversity light reception system manufac- 
tured by integrating an active element such as an LD 
(laser diode), LED flight emitting diode) or PD (photo- 

25 diode) having most portions formed of semiconductor 
material in a monolithic form. Further, the optical 
mode splitter shown in Fig. 5 is not suitable for inte- 
gration and it is difficult to deposit the waveguide 
layer, interlaid layer and thin-film waveguide layer at 

30 a high precision, and as a result, it becomes difficult 
to properly attain the mode coupling condition in the 
vertical direction (thickness direction) of the device. 

Furthermore, the above devices are large in size, 
significantiy low in the characteristics thereof in res- 

35 ponse to temperature changes, and are slow in the 
response speed, and because of high power con- 
sumption, they are liable to suffer optical damage and 
DC drift In order to solve the above problems and 
make it possible to integrate the active elements in a 

40 monolithic form, all the portions of the device may be 
formed of semiconductor material. 

Before introducing optical functional devices hav- 
ing entire portions formed by semiconductor material, 
conventional optical splitter devices will be explained 

45 firstly. 

Fig. 6 and Fig. 7 which is a cross sectional view 
taken along the line VH-VII of Fig. 6 show an optical 
mode splitter proposed by M. Kusuda and G. L. Yip in 
Appl. Phys. Lett, vol 37, pp 20 to 22 (1980). 

so In the optical mode splitter, a Y-branch multiple 
mode waveguide is first formed by use of 
LiNbO r series material (Fig. 6). Then, as shown in 
Fig. 7, a buffer layer 1 6 such as an AI2O3 layer is laid 
in part of a main path 15 and one of the waveguides 

55 (1 5b in the drawing) so that the equivalent refractive 
indices thereof can be made different from each other 
and one set of electrodes 17a and 17b are disposed 
so that a voltage can be applied between the elec- 
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trades as shown in Fig. 7. 

Assume now that the equivalent refractive index 
of the branch waveguide 1 5a is n f> the equivalent ref- 
ractive index of the branch waveguide 15b is n* and 
nj<r>2- 5 

In this state, light in which both of the TE mode 
and TM mode are present is made incident on the 
main path 15. Since the equivalent refractive index of 
the branch waveguide 15b is larger than that of the 
branch waveguide 15a, the incident light is confined 10 
In the branch waveguide 15b and emitted therefrom. 

However, if a voltage is applied between the elec- 
trodes 17a and 17b, the equivalent refractive index of 
the branch waveguide 15b is lowered only for the TE 
mode by the eJectro-opticai effect Therefore, if appfi- 15 
cation of the voltage causes the amount of reduction 
in the refractive index to become larger than I n^n* I , 
and when a higher voltage is applied, the TE mode 
component of the light incident on the main path 15 is 
confined in the branch waveguide 15a whose equiv- 20 
alent refractive index is made larger than that of the 
branch waveguide 15b and emitted therefrom. Since 
the equivalent refractive indices of the branch 
waveguides 15a and 1 5b are kept unchanged for the 
TM mode component of the incident light, the TM 25 
mode light travels in the branch waveguide 15b and 
is emitted merefrom. Thus, the incident light can be 
soil into the TE mode and TM mode by application of 
the voltage between the electrodes 17a and 17b. 

However, in the case of the above optical mode 30 
spl iter, the integration is difficult, the structure thereof 
is improper for mode communication, the mode split- 
ting efficiency is low, and a high extinction ratio cannot 
be attained. 

Rg. 8 is a schematic perspective view of an opti- 35 
cal mode splitter proposed by M. Erman et al. in 15th 
ECOC.ThB201 (1989). 

In the above optical mode splitter, a directional 
coupler type optical waveguide is constituted by two 
waveguides 18a and 18b arranged in parallel using 40 
semiconductor material and the upper surface of one 
of the waveguides (18b in the drawing) is covered with 
a metal layer 19. 

With the above construction, the equivalent ref- 
ractive indices for the TE mode and TM mode are 45 
made different between the waveguides 1 8a and 1 8b. 

Therefore, when light in which both of the TE 
mode and TM mode are present is made incident on 
the waveguide 18a, the TE mode light is coupled with 
the waveguide 18b which is covered with the metal 50 
layer 19 and the TE mode light is guided in the 
waveguide 18b and emitted therefrom. However, 
since the TM mode light is not coupled with the 
waveguide 18b, it Is emitted from the waveguide 18a 
as ft is. That is, the TE mode and TM mode are sepa- 55 
rated from each other. 

However, since the above optical mode splitter 
does not function unless the length of the coupling 



portion is equal to the complete coupling length forthe 
TE mode, it becomes necessary to form the coupling 
portion at an extremely high precision in order to attain 
the function. However, it is difficult to form the coupl- 
ing portion with a required high precision by use of the 
present photolithographic technology and etching 
technology and actually manufactured devices can- 
not meet the requirement of high dimensional pre- 
cision so that the mode splitting efficiency will become 
low and a high extinction ratio cannot be attained. 

Further, a device with the construction shown in 
Fig. 9 and Rg. 10 which is a cross sectional view 
taken along the line X-X of Fig. 9 is disclosed in 
Published Unexamined Japanese Patent Application 
No. 2-170103. 

The device includes a diffraction grating 22 dis- 
posed in an orthogonal section 21 of emission side 
optical waveguides 20a and 20b which cross at right 
angles and part of the upper surface of the emission 
waveguide 20a which is one of the emission side opti- 
cal waveguides is covered with a metal layer 23, and 
it functions as an optical branching filter for separating 
the TE mode and TM mode from each other. 

In the case of the above device, the extinction 
ratio thereof may be approximately several tens dB 
although not clearly determined. Further, the mode 
separation depends on the uniformity of the depth of 
a groove of the diffraction grating 22 introduced into 
the orthogonal section 21. In view of the manufactur- 
ing process, since it is extremely difficult to control 
realization of the uniformity of the depth and the emis- 
sion side optical waveguides 20a and 20b of both 
modes are crossed at right angles, inconvenience 
may occur when it is integrated together with another 
element and connected to the same. 

Next, a conventional optical switch which is of 
directional coupler type and is formed of semiconduc- 
tor material is explained. 

Rg. 11 is a schematic plan view of an optical 
switch of uniform Ap structure. In the case of the 
above optical switch, two optical waveguides 24 and 
25 formed of semiconductor material are arranged on 
a semiconductor substrate (not shown) and an optical 
waveguide section 24a and an optical waveguide sec- 
tion 24b are arranged closely to and in parallel with 
each other so as to be evanescent-coupled so that a 
coupling portion can be formed in an area A surroun- 
ded by broken lines in the drawing. 

An electrode 28 is formed on one of the optical 
waveguide sections (24a in the drawing) and voltage 
application and current injection with respect to the 
optical waveguide section 24a can be effected by use 
of the electrode 26. 

In the case of the optical switch, for example, if 
light is made incident on an upstream side end portion 
25b of the optical waveguide 25 and the electrode 26 
is set in the non-driven state, the light is coupled with 
the optical waveguide section 24a in the coupling por- 
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tion A and emitted from a downstream side end por- 
tion 24c of the optical waveguide 24. That is, the light 
incident on the upstream side end portion 25b is emit- 
ted from the downstream side end portion 24c of the 
optical waveguide 24 and is not emitted from the 5 
-downstream side end portion 25c of the optical 
waveguide 25. 

However, for example, when current is injected 
via the electrode 26 to lower the equivalent refractive 
index of the optical waveguide section 24a, light inci- 1 o 
dent on the upstream side end portion 25b of the opti- 
ca! waveguide 25 passes in the optical waveguide 
section 25a and is emitted only from the optical 
waveguide section 25a without being coupled with the 
optical waveguide section 24a. That is, by current is 
injection via the electrode 26, the light emission side 
is changed from the downstream side end portion 24c 
to the downstream side end portion 25c, thu9 attaining 
a switching function. 

However, in orderto operate the uniform Apstruc- 20 
ture type optical switch, it is necessary to previously 
adjust the emission ratio of the downstream side end 
portions 24c and 25c of the two optical waveguides 24 
and 25 to 1 : 0 ( or 0 : 1). This can be attained by pre- 
cisely controlling the lengths of the optica! waveguide 25 
sections 24a and 25a and a distance between the 
optical waveguide sections in the coupling portion A. 
However, it is extremely difficult to set the length ofthe 
coupling portion A at a high precision with the present 
level of photolithographic technology. Forthfe reason. 30 
in the case ofthe above uniform Ap structure type opti- 
cal switch, crosstalk will inevitably occur in the pro- 
cess of optica! coupling. 

A reversal A£ structure type optical switch shown 
by a schematic plan view of Fig. 12 is proposed to 35 
solve the above-described problem of the uniform Ap 
structure type optical switch. 

In the coupling portion A of the optical switch, 
electrodes 26a and 26b are disposed to be symmet- 
rical with respect to a point on a downstream side por- 40 
tion 24d of an optical waveguide section 24a and the . 
upstream side portion 25d of an optical waveguide 
section 25a and the electrodes 26a and 26b are con- 
nected to each other via a connecting portion 26c. 
With this construction, the electrode 26a may be dis- 45 
posed on an upstream side portion 24e of the optical 
waveguide section 24a and the electrode 26b may be 
disposed on a downstream side 25e of the optical 
waveguide section 25a. 

Unlike the uniform AP structure type optical so 
switch, in the optical switch of the above construction, 
the coupling state will not be restricted by the initial 
condition of the coupling portion A. 

First, when the electrodes 26a and 26b are set 
into the non-driven state and light is made incident on 55 
the upstream side end portion 25b of the optical 
waveguide 25, for example, then the light is coupled 
with the optical waveguide section 24a and confined 



therein in the coupling portion A and is emitted from 
the downstream side end portion 24c. 

Next, when voltage application or current injec- 
tion is effected with respect to the electrode 26a (26b), 
a cross state is established between the optical 
waveguide sections 24a and 25a at a certain voltage 
or current, and if the voltage or cuirent is further 
increased, a switching state appears after a through 
state has appeared. 

That is, AP in the entire portion ofthe coupling por- 
tion A is reversed by voltage application or current 
injection by means of the electrode 26a (26b) and the 
emission end for light incident on the upstream side 
end portion 25b is changed from the downstream side 
end portion 24c to the downstream side end portion 
25c. 

In the case of the reversal AP structure type opti- 
cal switch, the coupling state can be reliably control- 
led irrespective of the initial condition of the coupling 
portion A. However, in general, the value of the volt- 
age or current required for establishing the through 
state becomes large although the value of the voltage 
or current required for establishing the cross state is 
not so large. 

Therefore, the pn junction formed in the optical 
waveguide may be damaged by heat generation 
caused by large power consumption in the semicon- 
ductor material constituting the optical waveguide, 
thereby reducing the service life ofthe element 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a direc- 
tional coupler type optical functional device the entire 
portion of which is formed of semiconductor material 
so as to be integrated with another active element for- 
med of semiconductor material in a monolithic form 
and a method of driving the same. 

Another object of this invention Is to provide an 
optical functional device in which application voltage 
and injection current set at the time of driving can be 
made smaller than those in the conventional case so 
as to prevent the pn junction in the optical waveguide 
from being broken down so that the service life can be 
improved and the reliabDity can be enhanced and a 
method of driving the same. 

Another object of this invention is to provide an 
optica! functional device which is free from optical 
damage and DC drift and in which the characteristic 
can be prevented from being deteriorated by variation 
in temperature and a method of driving the same. 

Still another object of this invention is to provide 
an optical functional device functioning as an optical 
switch or an optical mode splitter of high extinction 
ratio and a method of driving the same. 

Another object of this invention is to provide an 
optical functional device which is not restricted by limi- 
tation of the optical coupling coefficient due to the 
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length of the coupling portion at the time of creation 
of the optica] waveguide so that the manufacturing 

process can be made relatively simple and the mass 

production and cost reduction can be easily attained. 

In order to attain the above objects, this invention 5 
provides a directional coupler type optical functional 
device having first and second optical waveguides in 
which pn junction structures are formed by laminating 
semiconductor material and a coupling portion in 
which the two optical waveguides are evanescent- 10 
coupled to each other and arranged in parallel, com- 
prising 

voltage application electrodes formed on an 
upstream side portion of the first optical waveguide 
and a downstream side portion of the second optical is 
waveguide in the coupling portion and electrically 
connected to each other, and 

current injection electrodes formed on a down- 
stream side portion of the first optical waveguide and 
an upstream side portion of the second optical 20 
waveguide in the coupling portion, electrically con- 
nected to each other and electrically isolated from the 
voltage application electrodes. 

Further, in this invention, a method of driving the 
above optical functional device is provided. 

In a first aspect of the method, there is provided 
a method comprising the steps of causing light in 
which TE mode light and TM mode light are present 
to enter one of the first and second optica! wave- 
guides; 

injecting current of a predetermined value into 
the optical waveguides via the current injection elec- 
trodes to establish a cross state between the optical 
waveguides of the coupling portion; and 

applying a preset voltage to the voltage appli- 
cation electrodes whOe maintaining the cross state so 
as to establish a through state only for the TE mode 
light between the optical waveguides of the coupling 
portion, thereby splitting the incident light into the TE 
mode light and the TM mode light. 

The above driving method is a method for operat- 
ing the optical functional device as an optical mode 
splitter. 

In a second aspect of the driving method, there is 
provided a method comprising the steps of causing 
TEmode light to enter one of the first and second opti- 
cal waveguides; 

applying a preset voltage to the voltage appli- 
cation electrodes to establish a cross state between 
the optical waveguides of the coupling portion; and 

injecting current of a predetermined value into 
the optical waveguides via the current injection elec- 
trodes whie maintaining the cross state so as to 
establish a through state between the optical 
wave.guides of the coupling portion, thereby chang- 
ing the optical path for the incident TE mode light. 

The above driving method is a method for operat- 
ing the optical functional device as a polarization opti- 



ca] switch. 

In another aspect of this invention, there is pro- 
vided an optical functional device having first and sec- 
ond optical waveguides in which pn junction 
structures are formed by laminating semiconductor 
material and a coupling portion in which the two opti- 
cal waveguides are evanescent-coupled to each 
other over a complete coupling length Lo and 
arranged in parallel and which has a length of L, com- 
prising N-stage (N is an integer larger than 2) paired 
electrodes of reversal AP structure type continuously 
deposed in a light propagating direction in the optical 
waveguide on each of the optical waveguides in the 
coupling portion, wherein an Mth (M is an integer 
which satisfies the relation that 1 ^ M ^ N-1) stage 
electrode formed on the first optical wavegu ide and an 
(M+1)th stage electrode formed on the second optical 
wagueguide are electrically connected to form a first 
electrode and an Mth stage electrode formed on the 
second optical waveguide and an (M+1)th stage elec- 
trode formed on the first optical waveguide are elec- 
trically connected to form a second electrode, and the 
first and second electrodes are electrically disconnec- 
ted. 

Further, in this invention, a method of driving the 
above optical functional device is provided. 

In a first aspect of the driving method, there is pro- 
vided a method comprising the steps of causing light 
in which TE mode light and TM mode light are present 
to enter one of the first and second optical 
waveguides of the optical functional device in which 
L/Lq is set to a proper value; 

injecting current of a preset value from the first 
electrode to the optical waveguide so as to establish 
a cross state or through state between the optical 
waveguides of the coupling portion; and 

applying voltage of a preset value to the sec- 
ond electrode while maintaining the cross state or 
through state so as to set the cross state or through 
state only for the TE mode between the optical 
waveguides of the coupling portion, thereby splitting 
the incident light into the TE mode light and TM mode 
light 

The above driving method is a method for operat- 
ing the optical functional device as an optical mode 
splitter. 

In a second aspect of the driving method, there is 
provided a method comprising the steps of causing 
light in which TE mode light and TM mode light are 
present to enter one of the first and second optical 
waveguides of the optical functional device in which 
ULo is set to a proper value; 

injecting current of a first preset value from the 
first electrode to the optical waveguide so as to estab- 
lish a cross state or through state between the optical 
waveguides of the coupling portion; 

applying voltage of a preset value to the sec- 
ond electrode while maintaining the cross state or 
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through state so as to set the cross slate or through 
state only for the TE mode between the optical 
waveguides of the coupling portion, thereby splitting 
the incident light into the TE mode light and TM mode 

light; 5 

injecting current of a second preset value 
which is larger than the first preset value from the first 
electrode to the optical waveguide so as to establish 
the cross state or through state between the optical 
waveguides of the coupling portion; and 10 

applying voltage of a preset value to the sec- 
ond electrode while maintaining the cross state or 
through state so as to set the through state or cross 
state only for the TE mode between the optical 
waveguides of the coupling portion, thereby changing 15 
the paths of the split TE mode light and TM mode light 
The above driving method is a method for splitting 
the incident light into the TE mode and TM mode, 
causing the respective lights to be emitted from the 
different optical waveguides and changing the optical 20 
path, thereby operating the optical functional device 
as an optical switch. 

Certain embodiments of the invention will now be 
described by way of example only and with reference 
to the drawings. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view of a con- 
ventional optical switch; 30 
Fig. 2 is a schematic plan view of another conven- 
tional optical switch; 

Ftg. 3 is a schematic plan view of still another con- 
ventional optical switch; 

Fig. 4 is a cross sectional view taken along the 35 
line IV-IVofFig. 3; 

Fig. 5 is a schematic perspective view of a con- 
ventional optical mode splitter; 
Fig. 6 is a schematic plan view of another conven- 
tional optical mode splitter 40 
Fig, 7 is a cross sectional view taken along the . 
line VH-VII of Fig. 6; 

Fig. 8 is a schematic perspective view of still 

another conventional optical mode splitter; 

Fig. 9 is a schematic plan view of another conven- 45 

tional optical mode splitter; 

Fig. 10 is a cross sectional view taken along the 

line X-X of Fig. 9; 

Rg. 11 is a schematic plan view of an optical 
switch of uniform A? structure type formed of so 
semiconductor; 

Fig. 12 is a schematic plan view of an optical 
* switch of reversal A£ structure type formed of 
semiconductor; 

Rg. 13 is a plan view showing an optical tunc- 55 

tional device according to this invention; 

Fig. 14 is a cross sectional view taken along the 

IineX!V-XlVofFig.13; 



Rg. 15 is a graph showing the operation charac- 
teristic of the optical functional device of this 
invention functioning as an optical mode splitter; 
Fig. 16 is a graph showing the operation charac- 
teristic of the optical functional device of this 
invention functioning as an optical switch; 
Rg. 17 is a graph showing the operation charac- 
teristic of the optical functional device of this 
Invention functioning as an optical swftch; 
Fig. 18 is a schematic plan view of a 1 x 2 direc- 
tional coupler type optical functional device of 
reversal Ap structure type according to another 
aspect of this invention and having N stage elec- 
trodes formed thereon; 

Fig. 19 is a schematic plan view of a 2 x 2 direc- 
tional coupler type optical functional device of this 
invention; 

Fig. 20 is a schematic plan view showing the state 
in which Mth stage and (M+1)th stage electrodes 
are disposed; 

Fig. 21 is a schematic plan view of a 1 x 2 direc- 
tional coupler type optical functional device hav- 
ing 3-stage electrodes disposed on the coupling 
portion; 

Fig. 22 is a cross sectional view taken along the 
HneXXII-XXIIofRg. 21; 
Fig. 23 is a switching characteristic diagram of the 
optica) functional device of Fig. 21; 
Fig. 24 is a schematic plan view of an optical func- 
tional device having 4-stage electrodes disposed 
on the coupling portion; 

Fig. 25 is a switching characteristic diagram of the 
optical functional device of Rg. 24; and 
Fig. 26 is a schematic plan view of a 2 x 2 direc- 
tional coupler type optical functional device hav- 
ing 4-stage electrodes disposed on the coupling 
portion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An optical functional device of this invention is of 
directional coupler type obtained by laminating semi- 
conductor materia! and a pn junction structure is for- 
med in the optical waveguide thereof. 

When current of a preset value is injected into the 
optical waveguide with the pn junction structure, the 
plasma effect or band filling effect occurs in the optical 
waveguide into which the current is injected and the 
refractive index thereof is reduced. The above effects 
may appear for both of the TE mode and TM mode 
and are independent from the polarization. 

When voltage of a preset value is applied to the 
optical waveguide with the above pn junction struc- 
ture, the electro-optical effect occurs in the optical 
waveguide to which the voltage is applied and the ref- 
ractive index thereof becomes large. The above effect 
appears only for the TE mode and is polarization- 
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dependent 

The optica] functional device of this invention is 
driven by use of the above effect 

First the optical functional device of a first aspect 
t8 explained with reference to Fig. 13. s 

In the drawing, optical waveguides 27 and 28 
having cross sections described later are arranged 
close to and in parallel with each other in a coupling 
portion A so that optical waveguide sections 29 and 
30 can be evanescent-coupled with each other. In this 10 
case, the optical waveguide section 29 is referred to 
as a first optical waveguide and the optical waveguide 
section 30 is referred to as a second optical 
waveguide. 

Current injection electrodes 31 a and 31 b are re- 1 s 
specbveiy disposed on an upstream side portion 29a 
of the first optical waveguide 29 and a downstream 
side portion 30b of the second optical waveguide 30 
so as to be electrically connected via a connecting 
portion 31c, and it is so designed that current can be 20 
injected from the electrodes 31a and 31b into the 
upstream side portion 29a of the first optical 
waveguide 29 and the downstream side portion 30b 
of the second optical waveguide 30. 

Voltage application electrodes 32a and 32b are 25 
disposed on a downstream side portion 29b of the first 
optical waveguide 29 and an upstream side portion 
30a of the second optical waveguide 30 so as to be 
electrically connected via a connecting portion 32c 
but electrically separated from the current injection 30 
electrodes 31a and 31b, and it is so designed thatvolt- 
age can be applied to the downstream side portion 
29b of the first optical waveguide 29 and the upstream 
side portion 30a of the second optical waveguide 30 
by means of the electrodes 32a and 32b. 35 

In this device, it is also possfcle to use the elec- 
trodes 31a and 31b for voltage application and the 
electrodes 32a and 32b for current injection. 

The cross sectional structure of the optical func- 
tional device is shown in Fig. 14 which is a cross sec- 40 
tional view taken along the line XIV-XIV of Fig. 13. 

That is, an n + 6aAs substrate 34 and an n + GaAs 
buffer layer 35 are laminated on a lower electrode 33 
formed of AuGeNi/Au, for example. A lower clad layer 
38 of n*AIGaAs and a core layer 37 of n'GaAs are 45 
sequentially formed on the buffer layer 35, and two 
upper clad layers 38 are disposed in parallel with each 
other in a ridge form on the core layer 37. The upper 
dad layer 38 includes a clad layer 38a of n~AIGaAs, 
a dad layer 38b of p'AIGaAs and a cap layer 38c of so 
p + GaAs formed on the dad layer 38b, and the inter- 
face between the dad layers 38a and 38b constitutes 
a pn junction structure. 

The upper surface of the upper dad layer 38 is 
covered with an insulation film 39 such as an Si0 2 55 
fflm, and a slit-form window 39a extending in a 
lengthwise direction of the optical waveguide is for- 
med in the upper portion of each of the ridge portions 



thereof and then Ti/Pt/Au is deposited on portions 
including the windows^ to form upper electrodes 31a 
and 32b. Thus, the entire portion constitutes the opti- 
cal waveguide sections 29 and 30 in the coupling por- 
tion A. 

In a case where semiconductor material is lami- 
nated in the above-described manner to form the opti- 
cal waveguide sections 29 and 30, the optical 
waveguide is arranged to be in parallel with a direction 
<01?> or <0T1 > on the crystal plane (1 00) of semicon- 
ductor of each layer. If the optical waveguide is not 
arranged in this manner, the resulting waveguide can- 
not exhibit the required plasma effect and band filing 
time a required electrooptical effect caused by voltage 
application. 

Next, the driving method for operating the optical 
functional device as an optical mode splitter is exp- 
lained. 

First assume now that light in which TE mode 
light and TM mode light are present is made incident 
on the upstream side end portion 27a of the optical 
waveguide 27, for example. 

When a forward current of a preset value is injec- 
ted from the electrodes 31a and 31b, a polarization- 
independent cross state is established between the 
upstream side portion 29a and downstream side por- 
tion 30b of the optical waveguides which lie under the 
electrodes. 

Therefore, the light which has entered the 
upstream side end portion 27a of the optical 
waveguide 27 is emitted only from the downstream 
sideend portion 28b of the optical waveguide 28 irres- 
pective of the TE mode or TM mode. 

When an inverted voltage of a preset value is 
applied by means of the electrodes 32a and 32b while 
the above state is maintained, an electro-optical effed 
occurs in the downstream side portion 29b and the 
upstream side portion 30a of the optical waveguides 
which lie directly under the above electrodes, and the 
refractive index of the portions is raised only for the TE 
mode to establish a through state for TE mode light 
As a result TE mode light is emitted from the down- 
stream side end portion 27b of the optical waveguide 
27. 

As described above, TE mode light is emitted 
from the downstream side end portion 27b of the opti- 
cal waveguide 27 and TM mode light is emitted from 
the downstream side end portion 28b of the optical 
waveguide 28, and thus the mode splitting operation 
can be effected. 

An example of the above state is shown in Fig. 1 5. 
That is, in the optical functional device of this inven- 
tion, the injection current for the cross state is set to 
10 mA and in this case the extinction ratio of the TM 
mode light is 20 dB, and the application voltage for the 
through state is 23 V and in this case the extinction 
ratio of the TE mode light is 18 dB. 

Next the driving method of operating the optical 
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functional device as an optica! switch is explained 

Light of only the TE mode is made incident on the 
upstream side end portion 27a of the optical wav- 
veguide 27. 

An inverted voltage of a preset value is applied by 
• means of the electrodes 32a and 32b. Since a cross 
state is established between the downstream side 
portion 29b and upstream side portion 30a of the opti- 
cal waveguides which lie directly under the electrodes 
by the electro-optical effect, the incident light (TE 
mode) is emitted only from the downstream side end 
portion 28b of the optical waveguide 28. 

When a forward current of a preset value is injec- 
ted from the electrodes 31a and 31b while the above 
state is maintained, the plasma effect and band filling 
effect occur in the upstream side portion 29a and 
downstream side portion 30b of the optical 
waveguides which lie directly under the electrodes so 
that the first optical waveguide 29 may be set into the 
through state so as to permit the TE mode light to be 
emitted from the downstream side end portion 27b. 

Then, when the current supply from the elec- 
trodes 31a and 31b is interrupted, the cross state is 
recovered so as to permit the TE mode light to be emit- 
ted from the downstream side end portion 28b of the 
optical waveguide 28. 

That is, the switching operation for the TE mode 
can be effected by effecting or interrupting current 
supply to the electrodes 31a and 31b while voltage 
application via the electrodes 32a and 32b is main- 
tained and vice versa. 

An example of this state is shown in Fig. 16. In 
Fig. 1 6, a solid line indicates an output on the coupling 
side caused by voltage application and broken lines 
indicate an output on the coupling side caused by cur- 
rent injection. Fig. 16 is a switching characteristic 
diagram obtained when the n~AIGaAs dad layer 38 is 
formed with a thickness of 0.8 um in the optical func- 
tional device having the cross sectional structure 
shown In Fig. 14. 

in this case, a cross state is established when the 
application voltage has reached 15 V, and then a 
through state is established when the injection current 
is set to approx. 50 mA. Considering that the conven- 
tional reversal A0 type optical switch shown in Fig. 12 
generally exhibits a through state with an injection 
current of about 200 mA, the optical functional device 
of this invention can achieve a switching characteris- 
tic in response to a very- small injection current. 

Rg. 17 shows a switching characteristic of an 
optical functional device obtained when the above- 
described clad layer 38a is formed with a thickness of 
O.fe um. In this case, a cross state can be set by volt- 
age application of only 9 V and a through state can be 
set by current injection of only 26 mA. 

Figs. 18 and 19 are schematic plan views show- 
ing other embodiments of optical functional devices of 
this invention, the device of Rg. 18 is of one-input/tvvo- 
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output (1 x 2) directional coupler type and the device 
of Rg. 1 9 is of two-input/two-output (2 x 2) directional 
coupler type. 

In the optical functional devices shown in Figs. 1 8 

s a nd 19, a first optical waveguide 40 and a second opti- 
cal waveguide 41, in which a pn junction structure is 
formed by laminating semiconductor materials, are 
evanescent-coupled at the coupling portion B with the 
wavelength of propagated light over a complete ecu- 

10 pling length and extend parallel to each other, and 
the coupling portion B has a total length of L. 

In this case, one end 40a of the first optical 
waveguide 40 and one end 41a of the second optical 
waveguide 41 are light entering ends and the other 

15 end 40b of the first optical waveguide 40 and the other 
end 41 b of the second optical waveguide 41 are light 
emission ends. 

N-stage electrodes are alternately formed with 
reversal A0 structures and are continuously disposed 

20 in the lengthwise direction of a coupling portion B of 
a length L with the length of each stage set to L/N. In 
this case, N is an integer larger than 2, that is, the 
electrodes are formed with three or more stages. 
Therefore, if the first-stage electrode is of +A0 type, 

25 the last-stage electrode is of +Ap type when n is an 
odd number, and the last-stage electrode is of -Ap 
type when N is an even number. 

Among the N-stage electrodes, electrodes in the 
Mth and (N+1)th (M is an integer of 1 , 2, or (N-1)) 

30 stages are arranged as shown in Rg. 20. 

That is, electrodes 42a and 42b are disposed to 
be electrically connected to each other on an 
upstream side portion 40c of one of the optical 
waveguides (which is a first optical waveguide 40 in 

35 the drawing) and a downstream side portion 41 d of 
the other optical waveguide (which is a second optical 
wavebuide 41 in the drawing, respectively). Further, 
electrodes 43a and 43b are disposed to be electrically 
connected to each other but electrically separated 

40 from the electrodes 42a and 42b on a downstream 
side portion 40d of the first optical waveguide 40 and 
an upstream side portion 41c of the second optical 
waveguide 41 , respectively. 

Among the above electrodes, a combination of 

45 the electrodes 42a and 42b constitutes a first elec- 
trode specified in this invention and a combination of 
the electrodes 43a and 43b constitutes a second elec- 
trode. The electrodes can be independently used for 
current injection and voltage application, and for 

so example, when the first electrodes 42a and 42b are 
used for current injection (or voltage application), the 
second electrodes 43a and 43b are used for voltage 
application (or current injection). 

When the electrodes are arranged as described 

55 above, the Ap of the optical waveguide is alternated 
between an area in which the Mth-stage electrode 
(which is the electrodes 42a and 42b in the drawing) 
is disposed and an area in which the (M+1)th-stage 
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electrode (which is the electrodes 43a and 43b) is dis- 
posed. 

Rg. 21 shows a 1 x 2 directorial coupler type opfc 
caJ functional device having 3-stage electrodes dis- 
posed in the coupling portion B. 5 

In Fig. 21, electrodes 44a, 44b and 44c are elec- 
trically connected to each other by means of connect- 
ing portions 44d and 44e to constitute a first electrode, 
and electrodes 45a, 45b and 45c are electrically con- 
nected to each other by means of connecting portions 10 
45d and 45e to constitute a second electrode. 

The cross sectional structure of the above device 
is shown in Rg. 22 which is a cross sectional view 
taken along the line XXll-XXJI of Fig. 21, and the basic 
construction thereof is the same as that shown in Fig. 1 s 

In the optical functional device in which N = 3, U 
is determined in relation to propagating light and the 
coupling length L is variously changed, a switching 
characteristic diagram which draws loci as shown in 20 
Fig. 23 can be obtained by checking the relation be- 
tween the LA* and A$. Since, at this time, Ap varies 
according to the values of current injected and voltage 
applied by use of the electrodes, the cross state and 
through state will vary between the optical 25 
waveguides in the coupling portion according to the 
current and voltage values. 

Assume now that an optical functional device in 
which the value of ULq is set to a value corresponding 
to C in Fig. 23, for example, is formed. 30 

Since a through state is set between the optical 
waveguides of the coupling portion B when A$Un is 
set to Pi by injecting current of a proper value 

«1C V* a 

the first electrodes 44a, 44b and 44c, both of the TE 
mode light and TM mode light are emitted from the 35 
emission end 40b when light in which both of the TE 
mode and TM mode are present is made incident on 
the incident end 40a of Fig. 21. 

Since a cross state only for the TE mode is set 
when voltage of a preset value VjC is applied to the .40 
second electrodes 45a, 45b and 45c to set A0Lfa to 
P 2 while the above state is maintained, the TE mode 
component of light containing TE mode and TM mode 
entering the incident end 40a is coupled with the sec- 
ond optical waveguide 41 and emitted from the emis- 45 
sion end 41b, but the TM mode light is emitted from 
the emission end 40b. That is, the TE mode and TM 
mode are splft and the device functions as an optical 
mode splitter. 

Since a cross state is set between the optical so 
waveguides of the coupling portion B when A$Uk is 
set fo P 2 by increasing the current injected via the first 
electrodes 44a, 44b and 44c to I2C O2C > he ). both of 
the TE mode light and TM mode light incident on the 
incident end 40a are coupled with the second optical 55 
waveguide 41 and emitted from the emission end 41 b. 
Since the optical waveguide is set into a through state 
only for the TE mode when voltage of a preset value 



V vc is applied to the second electrodes to set ApL/rc 
to P 3 while the above state is maintained, only the 
optical path of theTE7nl^eT^hToTthe~TEr^ and 
TM mode coupled with the second optical waveguide 
41 is changed to the first optical waveguide 40 and the 
TE mode light is emitted from the emission end 40b, 
and in this case, the TM mode is kept coupled with the 
second optical waveguide 41 and emitted from the 
emission end 41b. 

The emission ends for the TE mode and TM mode 
which are split by first injection of current I 1C and appli- 
cation of voltage V-jc a re changed. That is, the polari- 
zation switching operation can be attained. 

In a case of an optical functional device in which 
the value of ULq is set to a value corresponding to D 
in Fig. 23, since a cross state is set between the opti- 
cal waveguides of the coupling portion B when ApL/jt 
is set to P 4 by injecting current of a proper value l 1D 
via the first electrodes 44a, 44b and 44c, both of the 
TE mode light and TM mode light are coupled with the 
second optical waveguide 41 and emitted from the 
emission end 41b when light in which both of the TE 
mode and TM mode are present is made incident on 
the incident end 40a of Fig. 21 . 

Since a through state only for the TE mode is set 
when voltage of a preset value V 1D is applied to the 
second electrodes 45a, 45b and 45c to set ApLVrt to 
P s while the above state is maintained, the TE mode 
component of light containing the TE mode and TM 
mode and entering the incident end 40a is emitted 
from the emission end 40b but the TM mode light is 
kept coupled with the second optical waveguide 41 
and emitted from the emission end 41b. That is, the 
function of an optical mode splitter can be attained. 

Since a through state is set between the optical 
waveguides of the coupling portion B when A$Un is 
set to P 5 by increasing the current injected via the first 
electrodes 44a, 44b and 44c to I2D O2D > Ud)* both of 
the TE mode light and TM mode light incident on the 
incident end 40a are emitted from the emission end 
40b of the first optical waveguide 40. Since a cross 
state only for the TE mode Is set when voltage of a 
preset value V 1t) is applied to the second electrodes 
45a, 45b and 45c to set ApL/71 to P 6 while the above 
state is maintained, only the TE mode light of the TE 
mode light and TM mode light which have propagated 
in the first optical waveguide 40 is coupled with the 
second optical waveguide 41 and emitted from the 
emission end 41b, and the TM mode light is emitted 
from the emission end 40b. 

That is, the emission ends for the split TE mode 
and TM mode are changed and the polarization 
switching operation can be attained. 

Rg. 24 is a schematic plan view of an optical func- 
tional device having 4-stage electrodes of reversal Ap 
structure disposed in the coupling portion B. The rela- 
tion between values of ULq and AP, that is, the switch- 
ing characteristic diagram of the device is shown in 
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Fig. 25. 

Like the device shown in Fig. 21, the above opti- 
cal functional device can be operated as an optical 
mode splitter or polarization optica! switch by driving 
the same in the same manner as described with refer- 5 
-ence to Fig. 23. 

In the 1 x 2 directional coupler type optical func- 
tional device shown in Figs. 21 and 22, if the length 
of the coupling portion B is 7.5 mm, L/Lo is approx. 2.8, 
the lower electrode 33 is formed of AuGeNi/Au, the 10 
substrate 34 is formed of n + GaAs, the buffer layer 35 
is an n + GaAs layer with a thickness of 0.5 urn, the 
lower clad layer 36 is an n + Alo.iGao^As layer with a 
thickness of 3.0 uxn, the cons layer 37 is an n~GaAs 
layer with a thickness of 1.0 urn, the clad 38a is an is 
n-AlojGaasAs layer, the clad 38b is a p+AI^GaosAs 
layer, the insulation film 39 is an S1O2 film, and the 
electrodes 44a, 44b, 44c, 45a, 45b and 45c are vapor 
deposition layers of TI/Pt/Au, then the entire light is 
emitted from the emission end 40b when light in which 20 
the TE mode and TM mode are present is made inci- 
dent on the incident end 40a of the optical functional 
device and current of 1 5 mA is injected into the optical 
waveguides by means of the first electrodes 44a, 44b 
and 44c. 25 

When a reverse bias voltage of -16 V is applied 
to the second electrodes 45a, 45b and 45c while 
maintaining the above state, the TE mode light is emit- 
ted torn the emission end 41b and the TM mode light 
is emitted from the emission end 40b and thus the two 30 
modes are split, so that the device may function as an 
optical mode splitter. 

The entire light is emitted from the emission end 
41b by increasing the injection current via the first 
electrode to approx. 33 mA. When a reverse bias volt- 35 
age of -18 V is applied to the second electrode while 
maintaining the above state, the TE mode light is emit- 
ted from the emission end 40b and the TM mode light 
is emitted from the emission end 41b as it is. 

That is, the optical functional device can be oper- 40 
ated as a polarization switch by changing the driving 
condition from the state in which the current is 1 5 mA 
and the reverse voltage is -1 6 V to the state in which 
the current is 33 mA and the reverse voltage is -1 8 V. 

The extinction ratio of the optical functional 45 
device is approx 30 dB. 

In the case of the optical functional device in 
which the 4-stage electrodes are disposed in the cou- 
pling portion B as shown in Fig. 23, the specification 
of the cross sectional structure is the same as that so 
shown in Fig. 22, the length of the coupling portion B 
is approx. 8.8 mm. and L/Lo is set to approx. 3.3, the 
entire light is emitted from the emission end 41 b when 
light in which the TE mode and TM mode are present 
is made incident on the incident end 40a of the device 55 
and current of approx. 1 1 mA is injected into the opti- 
ca! waveguide via the first electrodes 44a, 44b, 44c 
and44d. 



When a reverse bias voltage of -17 V is applied 
to the second electrodes 45a, 45b, 45c and 45d whQe 
maintaining the above state, the TE mode light is emit- 
ted from the emission end 40b and the TM mode light 
is emitted from the emission end 41 b and thus the two 
modes are split so that the device can be operated as 
an optical mode splitter. 

When the current injected via the first electrodes 
is increased to approx. 29 mA, the entire light is emit- 
ted from the emission end 40b. When a reverse bias 
voltage of -15 V is applied to the second electrodes 
while maintaining the above state, the TE mode light 
is emitted from the emission end 41b. The extinction 
ratio obtained at this time is approx. 30 dB. 

That is, the optical functional device can be oper- 
ated as a polarization switch by changing the driving 
condition from the state in which the current is 11 mA 
and the reverse voltage is -17 V to the state in which 
the current is 2g mA and the reverse voltage is -15 V. 



Claims 

1. A directional coupler type optical functional 
device having first and second optical 
waveguides in which pn junction structures are 
formed by laminating semiconductor material and 
a coupling portion in which said two optical 
waveguides are evanescent-coupled to each 
other and arranged in parallel, comprising 

voltage application electrodes formed on 
an upstream . side portion of said first optical 
waveguide and a downstream side portion of said 
second optical waveguide in said coupling portion 
and electrically connected to each other; and 

current injection electrodes formed on a 
downstream side portion of said first optical 
waveguide and an upstream side portion of said 
second optical waveguide in said coupling por- 
tion, electrically connected to each other and 
electrically isolated from said voltage application 
electrodes. 

2. A method of driving the optical functional device 
of claim 1, comprising the steps of: 

causing light in which TE mode light and 
TM mode light are present to enter one of said first 
and second optical waveguides; 

injecting current of a predetermined value 
into said optical waveguides via said current 
injection electrodes to establish a cross state be- 
tween said optical waveguides in said coupling 
portion; and 

applying a preset voltage to said voltage 
application electrodes while maintaining said 
cross state so as to establish a through state only 
for the TE mode light between said optical 
waveguides in said coupling portion, thereby 
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splitting the incident light into the TE mode light 
and the TM mode light 

3. A method of driving the optica! functional device 

of claim 1, comprising the steps of: 5 

causing TE mode light to enter one of said 
first and second optical waveguides; 

applying voltage of a preset value to said 
voltage application electrodes so as to establish 
a cross state between said optical waveguides in 10 
said coupling portion; and 

injecting current of a predetermined value 
into said optical waveguides via said current 
injection electrodes while maintaining said cross 
state so as to establish a through state between 15 
said optical waveguides of said coupling portion, 
thereby changing the optical path of the incident 
TE mode light 

4. An optical functional device having first and see- 20 
ond optical waveguides in which pn junction 
structures are formed by laminating semiconduc- 
tor material and a coupling portion in which said 

two optical waveguides are evanescent-coupled 
to each other over a complete coupling length Lo 25 
and arranged in parallel and which has a length 
of L. comprising: 

N-stage (N is an integer larger than 2) 
paired electrodes of reversal A0 structure type 
continuously disposed in a light propagating 30 
direction in said optical waveguides on each of 
said optical waveguides in said coupling portion, 
wherein an Mth (M is an integer which satisfies 
the relation that 1 ^ M ^ N-1) stage electrode for- 
med on said first optical waveguide and an 35 
(M+1)th stage electrode formed on said second 
optical waveguide are electrically connected to 
form a first electrode and an Mth stage electrode 
formed on said second optical waveguide and an 
(M+1)th stage electrode formed on said first opti- 40 
cal waveguide are electrically connected to form 
a second electrode, and said first and second 
electrodes are electrically Isolated. 

5. A method of driving the optical functional device 45 
of claim 4 in which L/Lq is set to a proper value, 
comprising the steps of: 

causing light in which TE mode light and 
TM mode light are present to enter one of said first 
and second optical waveguides; so 

injecting current of a preset value into said 
optical waveguides via said first electrode so as 
to establish a cross state or through state be- 
tween said optical waveguides in said coupling 
portion; and 55 

applying voltage of a preset value to said 
second electrode whBe maintaining said cross 
state or through state so as to set the cross state 



or through state only for the TE mode between 
said optica] waveguides in said coupling portion, 
thereby splitting the incident light into the TE - 
mode light and TM mode light 

6. A method of driving said optica! functional device 
of claim 4 in which ULq is set to a proper value, 
comprising the steps of: 

causing light in which TE mode light and 
TM mode light are present to enter one of said first 
and second optical waveguides; 

injecting current of a first preset value into 
said optical waveguides via said first electrode so 
as to establish a cross state or through state be- 
tween said optical waveguides in said coupling 
portion; 

applying voltage of a preset value to said 
second electrode while maintaining said cross 
state or through state so as to set the cross state 
or through state only for the TE mode between 
said optical waveguides in said coupling portion, 
thereby splitting the incident light into the TE 
mode light and TM mode light; 

injecting current of a second preset value 
which is larger than the first preset value into said 
optical waveguides via said first electrode so as 
to establish the cross state or through state be- 
tween said optical waveguides in said coupling 
portion; and 

applying voltage of a preset value to said 
second electrode while maintaining said cross 
state or through state so as to set the through 
state or cross state only for the TE mode between 
said optical waveguides in said coupling portion, 
thereby changing the paths of the split TE mode 
light and TM mode light 
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(3) An optical functional device and a method of driving same. 

@ There is provided an optical functional device 
having a coupling portion (A) in which two 
optical waveguides (27, 28) formed of semicon- 
ductor material are evanescent-coupled to each 
other and arranged in parallel and comprising 
voltage application electrodes (32a, b) electri- 
cally connected to each other and disposed on 
an upstream side portion (30a) of one of the two 
optical waveguides and a downstream side por- 
tion (29b) of the other optical waveguide and 
current injection electrodes (31a, b) electrically 
connected to each other, disposed on a down- 
stream side portion (30b) of the former one of 
the two optical waveguides and electrically Iso- 
lated from the voltage application electrodes. In 
further forms (Figs. 18-26) N-stage (N is an - 
integer larger than 2) electrodes of reversal A R 
structure are continuously disposed in the opti- 
cal waveguide, first electrodes electrically con- 
nected to each other are disposed on the 
upstream side portion of one of the two optical 
waveguides and the downstream side portion of 
the other optical waveguide between an Mth (M 
is an integer which satisfies the relation that 1 < 
M < (N-1) stage electrode and an (M+1)th stage 
electrode and second electrodes which are 
electrically connected to each other but are 
electrically separated from the first electrodes 
are disposed on the downstream side portion of 
* the former one of the two optical waveguides 
and the upstream side portion of other optical 
waveguide. The optical functional device can be 
operated as an optical splitter or polarization 
switch by combining the current injection oper- 
ation and the voltage application operation with 
respect to the electrodes. 
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